A laboratory rig for CO2 absorption into amine solvents including desorption has been in operation at University College of Southeast Norway for several years. Measurements of CO2 removal efficiency and heat consumption at different process conditions and varied temperatures, gas flows and liquid flows in the gas and the liquid have been performed. In earlier work [1], the gas to liquid ratio has been lower than in a normal large-scale absorption column to achieve high CO2 removal efficiencies, and the heat consumption has been very high. In this work, new results from 2015 [2] are presented. Especially, experiments with a higher gas to liquid ratio have been performed.
Photograph of the CO2 rig from spring 2015 showing the absorption column to the left and the desorption column with reboiler and condenser to the right.
The diameter and height of the structured packing in the absorption column are 100 mm and 1500 mm respectively. The desorption column (including a reboiler and a condenser) has a random packing section with diameter 265 mm and height 1000 mm. Between the absorber and the desorption column, there is a rich/lean heat exchanger, a solvent cooler and two pumps. A mixture of pressurized air and CO2 from a flask is the gas feed to the absorption column. The amine is heated indirectly by steam in the reboiler, and the CO2 and water from the top of the desorber is cooled indirectly by cooling water. Figure 1 shows a photograph of the rig from spring 2015.
The CO2 content in the gas at the inlet and outlet of the absorber is measured with an NDIR (Non-Dispersive InfraRed) instrument. The CO2 content in liquid samples from the inlet and the outlet of the absorber have been analysed by titration. pH measurements have also been performed, and this gives a good indicator for the CO2 content.
The gas flow to the absorber with approximately 10 vol-% CO2 was varied with the liquid flow constant at low values in different experiment series. At high liquid flows the CO2 removal efficiency is close to 100 % at 5 Nm 3 /h, and decreases to about 30 % at 30 Nm 3 /h. With liquid flow 40 kg/h, the CO2 removal rate decreased from about 90 to 30 %. With liquid flow 20 kg/h, the removal rate decreased from about 45 to 15 %. The steam consumption per kg CO2 removed decreased significantly when the gas to liquid flow ratio increased by increasing the gas flow.
The liquid circulation flow with temperature 40 °C at the absorber inlet was varied with a constant gas flow at 30 Nm 3 /h (which is equivalent to a gas velocity of 2 m/s). The inlet concentration of CO2 was 5, 10 and 15 vol-% respectively. The CO2 removal efficiency increased gradually to a close to constant value when the liquid flow increased to above 60 kg/h at all inlet CO2 concentrations. The removal efficiency was decreasing significantly when the inlet CO2 content increased from 5 to 15 %.
The heat consumption measured in earlier experiments have been very high (order of magnitude 30-60 MJ/kg CO2) compared to an order of magnitude 4 MJ/kg CO2 in a large scale capture plant. One explanation for this has been that it is probably not possible to achieve very low heat consumptions in a laboratory plant with an absorber height of only 1500 mm. Another explanation for the high heat consumption is that the high removal efficiency achieved in most of the earlier experiments is at a low gas to liquid ratio.
The energy consumption per CO2 removed in this work was of order of magnitude 15 MJ/kg at high gas to liquid ratios. At the conditions with the lowest heat consumption, the CO2 removal efficiency was order of magnitude 30 %. The CO2 loading (mole CO2 per mole amine) typically increased from 0.30 to 0.35 in the absorber compared to a typical increase of 0.30 to 0.45 in a large scale absorption column. This difference is reasonable if we look at the conditions in the absorption rig column similar to the conditions in the upper section of a taller absorption column.
The CO2 rig has been successfully operated under stable conditions and gives reasonable results for CO2 removal efficiency and heat consumption as a function of gas flow, liquid flow and temperature. The results indicate that with a low absorber height, it is not possible to achieve both high removal efficiency and low heat consumption.
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